The aim of the work conducted in [2003][2004] was the estimation of the effect of blanching, freezing and freeze-storage on the content of chosen chemical compounds in plants of New Zealand spinach grown from seedlings. The determinations included dry matter, total protein, L-ascorbic acid, titrable acidity, total sugars, crude fibre, total ash, pH, nitrates, nitrites and chlorophyll content in the experimental material (fresh, blanched, frozen and stored shoots with leaves of New Zealand spinach). Used in the experiment procedures had a significant effect on changes of dry matter, total protein, L-ascorbic acid, titrable acidity, total sugars, crude fibre, total ash content and pH. After blanching their losses reached respectively: 34. 9, 6.7, 70.2, 45.0, 56.3, 19.3, 52.9%, in relation to the raw material. However, the value of pH increased to 6.75. After freezing the losses, in relation to the blanched material, were: 21.7% for total protein, 21.4% -L-ascorbic acid, 27.3% -titrable acidity, 42.9% -total sugars, 4.5% -crude fibre, 2.5% -total ash, and pH decreased to 6.45. Frozen material was stored for 3, 6 and 9 months in a freezing chamber at -25 ÷ -27°C. The period of storage did not have statistically significant effect on the preservation of determined chemical components.
INTRODUCTION
New Zealand spinach (Tetragonia expansa Murr.) is a vegetable of a high nutritive and dietetic value. It contains significant amounts of beta-carotene, folic acid, dietary fibre and mineral compounds, especially magnesium and iron. Among all vegetables it is also characterized by the highest antioxidant capacity (Jaworska 2005b) . Unfortunately, as the other leafy vegetable, New Zealand spinach shows a tendency to accumulate compounds unwanted in the human diet, above all nitrates, nitrites and oxalates (Jaworska 2005a , Gupta & Wagle 1988 , Watanabe et al. 1994 . Nitrate levels in vegetables are known to vary considerably according to growing conditions, vegetative parts and storing conditions (Yang 1992) . New Zealand spinach is used in the same manner as common spinach (Spinacia oleracea L.). However, the biology and growing of these two species are very different. Plants of New Zealand spinach have numerous stems that spread to heights greater than 30 cm. Leaves are 2-5 cm long, with triangular and ovate blades. Usable parts of New Zealand spinach are leaf blades alone, shoots with leaves and whole plants cut at the ground level. They all can be recommended for consumption fresh or processed, especially as frozen product (Jaworska & Budnik 1996 , Jaworska & Kmiecik 2000 , Grevsen & Kaack 1996 , Kubiak & Krajewski 1997 .
In The experiment was set in a randomized block design with four replications. During the growth season standard cultivation and plant protection practices were conducted. The crop was collected five times. First harvest was at the beginning of July. The samples for the laboratory part of the study were taken from the third harvest. It took place in the first decade of August. For the laboratory research the shoots not exceeding 15 cm in length with leaves were taken. Fresh plant material was washed and blanched. The blanching was carried out in water at 95-97°C for 2-3 minutes, with 2:1 proportions of water to plants. Next, the samples were cooled in the running water for about 2 minutes and drained on sieves for 30 minutes. Then, they were packed in 0.05 mm thick polyethylene bags and stored for 3, 6 and 9 months in a freezing chamber at -25 ÷ -27°C. The chemical analysis were carried out in raw, blanched, frozen and stored material. There were two replications of each variant of the laboratory part of the experiment. Chemical analyses were carried out in duplicate for every variant. The determinations included the content of dry matter (drying at 105° to constant weight), total ash (incineration of samples in 500-525°C), total protein (using factor 6.25 for determined by the method of Kjeldahl amount of nitrogen), nitrates (by the colorimetric method, Zalewski 1971), nitrites (by the colorimetric method on the basis of Griess reaction; sulphanic acid and N-1-naphtyl-ethylene-diamine were used (PN-92/A-75112), vitamin C as L-ascorbic acid (by the method of Tillmans), pH (Krełow-ska-Kułas 1993), titratable acidity (Krełowska-Kułas 1993), total sugars (by the method of Luff-Schoorl), crude fibre (Klepacka 1996) , and chlorophylls content (Lichtenthaler & Wellburn 1983) . The results of each year of the study were subjected to an analysis of variance. The means of two years were separated by the Tuckey's test at P=0.05.
RESULTS AND DISCUSSION
Most literature data concerning the growth of New Zealand spinach take leaves into consideration as its usable part (Jaworska 2005a) . However, in opinion of Jaworska & Słupski (2001) and Grzeszczuk et al. (2005) shoots with leaves can be also used as a valuable material for freezing. In the present study it was found that shoots with leaves of New Zealand spinach contained high amount of dry matter (9.19%), total ash (1.7% f.m.) and total protein (5.56% f.m.) ( Fig. 1 & 2) . Jaworska & Słupski (2001) gave in their report lower levels of these compounds, respectively: 8.72%, 1.62%, 2.5%. Blanching, freezing and freeze-storage had a significant effect on changes of these compounds. After 9 months of freeze-storage the amount of dry matter decreased by 3.17%, total ash -0.96% f.m. and protein -3.63% f.m., in comparison with raw material. The highest percentage losses of dry matter and total ash were noted after blanching. They were: 34.9% for dry matter and 52.9% for total ash, in comparison with raw material. New Zealand spinach, as a leafy vegetable shows a tendency for nitrate accumulation. Nitrates are not neutral for human health. They may cause methemoglobinemia if consumed in excess. If they are transformed in nitrites, mutagenic nitrosamines can be produced. Although it is suggested that NO 2 ion plays a beneficial role in the generation of the physiologically important nitric oxide (NO) (Feldman et al. 1993) . In Poland, the regulation issued by the Minister of Health (Dziennik Ustaw Rzeczypospolitej Polskiej, 2003) permits the content of 2500 mg NO 3 -·kg -1 in fresh spinach and 2000 mg NO 3 -·kg -1 in processed and frozen product. In the present study the level of nitrates in shoots with leaves of New Zealand spinach was 608.4 mg NO 3 -·kg -1 f.m. (Fig. 2) . Jaworska (2005a) gave in her report higher amounts of nitrates, even up to 2804 mg NO 3 -·kg -1 f.m. In opinion of Jaworska & Słupski (2001) , in New Zealand spinach, the level of nitrates may vary from 449 to 3472 mg NO 3 -in 1 kg fresh matter. Industrial processing can affect nitrate and nitrite contents, with blanching being one of the main change factors (Sistrunk 1980) . In opinion of Jaworska (2005b) blanching and freezing had a significant effect on a decrease of nitrate content in New Zealand spinach. However, on the other hand in the same experiment after freezing the content of nitrates in common spinach significantly increased. Lisiewska (1985) observed that raw materials with a rich content of nitrates contained smaller amounts of these compounds after freezing while, in the case of the smaller contents, an increase was usually recorded. In this study there were no significant differences found in the content of nitrates between fresh, blanched, frozen and stored products. The amount of nitrates was on average 555.7 mg NO 3 -·kg -1 f.m. Moreover, there were no nitrites found in the samples of New Zealand spinach. In opinion of numerous authors (Favell 1998 , Jaworska 2005b , Jaworska & Słupski 2001 , spinach is a vegetable of a high vitamin C content. In the present study, the content of L-ascorbic acid in the shoots with leaves amounted to 36.1 mg·100g -1 f.m. (Fig. 3) . Its level significantly decreased after blanchingby about 70% in comparison with raw material. gave similar data (69-76%). On the base of the obtained study results it was found that there were no statistically significant differences between freezing and the periods of freeze-storage. However, it was noted that the frozen spinach after 6 months of storage contained by 36% less of L-ascorbic acid than the frozen one stored for 3 months. Furthermore, after 9 month storage the content of L-ascorbic acid decreased by 16% in comparison with 3 month storage time. The pH and titratable acidity level estimated in the investigated material was changing significantly in according to the experimental factors (Fig. 3 & 4) . The lowest pH (5.96) was noted for the raw material and the highest for the blanched one (6.75). It was opposite for titratable acidity level. The highest value (0.2% oxalic acid) was noted for raw material and then after blanching it has significantly decreased. After 9 month storage time pH amounted to 6.56 and titratable acidity to 0.07% oxalic acid.
The amounts of total sugars and crude fibre were comparable with data of Jaworska & Słupski (2001) . Blanching, freezing and freeze-storage had a significant effect on the content of total sugars and crude fibre (Fig. 4) . After 9 months of storage the shoots with leaves of New Zealand spinach contained less total sugars by 70.8% in comparison with raw material. The content of crude fibre amounted to 0.61% f.m. According to the analysis made directly after harvest, blanching, freezing and freeze-storage, brought a decrease of chlorophylls content in New Zealand spinach samples (Fig. 5) . However, those changes were not statistically significant. After 9 month storage the amounts of total chlorophyll, chlorophyll a and b were respectively: 488.69, 338.26 and 150.55 μg·kg -1 f.m. The losses of chlorophyll b were similar as those of chlorophyll a. The reduction in chlorophyll content after 9 months of storage confirms the values given by . Yamauchi & Watada (1993) showed that the rate of chlorophyll degradation during storage is strongly affected by the temperature. Lisiewska et al. (1997) observed 5% decrease in total chlorophyll after 6 days and 19-24% after 15 days of cold storage (0-2ºC) of leafy parsley, while at room temperature (18-20ºC) it was 32-45% after 6 days. Yamauchi et al. (1995) suggest that the enzymes chlorophyllase, peroxidase and lipoxidase play an active part in chlorophyll degradation, while oxygenic degradation occurs in a further stage. In leafy vegetables, including also spinach this mechanism has not been yet fully elucidated (Yamauchi & Watada 1993) . ) and total chlorophyll (660.14 μg·kg -1 f.m.). Moreover, comparing data for other leafy vegetables, this species accumulated small amounts of nitrates. 2. There were no nitrites in the raw material and in the frozen products detected. 3. Blanching, freezing and freeze-storage had a significant effect on changes of dry matter, total ash, total protein, L-ascorbic acid, pH, titratable acidity, total sugars and crude fibre. 4. After 9 months of freeze-storage the greatest losses were observed in dry matter, total ash and L-ascorbic acid content. 5. New Zealand spinach is a valuable material for the production of frozen products.
